Six rats with lateral hypothalamic electrodes were tested for intracranial self-stimulation after administration of scopolamine hydrobromide, scopolamine methylbromide, or vehicle alone in a repeated measures design. Only scopolamine hydrobromide produced an increaee in resistance to extinction of responding. No effects of scopolamine on rates of self-stimulation were observed.
There is substantial support for the theory that cholinergic systems in the brain have an inhibitory influence on behavior (Carlton, 1963 (Carlton, , 1969 . Consistent with this theory, administration of the muscarinic receptor antagonist scopolamine produces an increase in resistance to extinction of operant behavior (Hearst, 1959; Heise, Laughlin, & Keller, 1970; Herblin, 1968; McKim, 1970; Morley & Russin, 1978; Stone, 1964) . Morley and Russin (1978) , however, have shown that scopolamine increases resistance to extinction in tasks involving water but not food motivation. Their results suggest that scopolamine acts upon central thirst mechanisms, and that the generality of the drug effects on extinction might be limited.
Scopolamine administration has also been found to produce an increase in resistance to extinction of intracranial self-stimulation (ICSS) behavior (Hoffman & Trowill, 1979; Olds, 1970) , but the appropriate controls for peripheral anticholinergic effects were not included in these studies. Since scopolamine produces dry mouth and increased heart rate (Innes & Nickerson, 1975) , central cholinergic effects can be concluded only after the demonstration that results from scopolamine do not occur after administration of quaternary ammonium analogues (e.g., methylscopolamine) that do not cross the blood brain barrier easily. Such evidence has been provided for scopolamine effects on resistance to extinction in water-motivated tasks (Morley & Russin, 1978) . The present experiment includes a test for peripheral anticholinergic effects and demonstrates that scopolamineinduced increases in resistance to extinction of ICSS are mediated by the central nervous system. Scopolamine and atropine have not provided consistent effects on ICSS rates. Scopolamine has been reported to cause a decrease in ICSS rates of fast responders (Olds, 1970) , but studies that have included very slow responders have reported no effect of the drug (Hoffman & Trowill, 1979; Newman, 1972) . Atropine, which theoretically should have the same effects as scopolamine, was found to have doseand electrode-specific effects by Newman (1972) and facilitatory effects by Vorobyova (1974) . The current study investigated the effects of scopolamine on ICSS as a function of current intensity of reinforcement stimulation and extinction.
METHOD Animals
Six male Long Evans rats, bred in the Hamilton College vivarium and derived from animals purchased from Blue Spruce Breeders (NY), were used. The rats were maintained on ad-lib food and water, and room lighting alternated on a 12:12 cycle with lights on at 0600 h. Operations were performed when the animals were 75-80 days of age.
Surgery
Animals were anesthetized with sodium pentobarbital (40 mg/ kg) and underwent stereotaxic surgery, including the insertion of three stainless steel screws into the skull and one stainless steel electrode (plastic Products No. 313) into the lateral hypothalamus/ medial forebrain bundle. The coordinates used for the implantations were AP 4.4, L 1.5, and DV -3.0 with respect to interaural zero, with the incisor bar positioned 5.0 mm above the earbars. The assembly was held in place by cranioplastic cement, and the wound was sprinkled with sulfathiazole before being closed with interrupted silk sutures.
Apparatus
The three operant chambers were 22.0 x 21.5 x 20.5 cm with two sides constructed of metal and the other two of acrylic. Two 5 x 2.5 x 2 cm bars protruded from one wall of each of the chambers. Three shockers provided 6O-Hz ac pulses 250 msec in length. Stimulation and data recording were controlled by a PDP-8/e computer.
Procedure
The experimental testing began 28 days after surgery. Five of the animals had been in other experiments prior to the present study; the sixth animal was experimentally naive. For at least 5 days immediately prior to the experimental manipulations, the animals had experienced daily self-stimulation followed by extinc-0090-5046/81/030285-03$00.55/0 tion. Thus, each animal's ICSS rates were stable at the time of testing and each animal had experienced extinction previously. Fifteen minutes before testing each day, each rat received an injection of .5 mglkg scopolamine hydrobromide (Sigma Chemical Co.), 1.0 mglkg scopolamine hydrobromide, .5 mglkg scopolamine methylbromide, 1.0 mglkg scopolamine methylbromide, or vehicle (distilled water) in volumes of 1.0 cc/kg. Each animal received one drug condition on each of the 5 days of the repeated measures design. On every day of testing, each drug condition was received by at least one animal. The five current intensities used in the experiment were 20, IS, 10, 5, and 0 folA above a subthreshold intensity. The animals were run three at a time in daily sessions consisting of one 2-min period at each of the five intensities in order of descending intensity, followed by 2 min at the maximum intensity and then by 10 min of extinction. All animals had a maximum ICSS rate of at least 60 responseslmin, and maximum current intensities used in the testing ranged from 45 to 60 tJA.
Histology
After the experiment was completed, the animals were deeply anesthetized with sodium pentobarbital and perfused intracardially with saline followed by a 10070 Formalin-saline solution. The brains were extracted, and 4O-folID sections were taken and stained with cresyl violet.
RESULTS
Since the first minute of each ICSS period included the animal's behavioral adjustment to the new intensity, the number of responses in the second minute at each intensity was used in the data analysis. Figure 1 shows the mean self-stimulation rates at the five The analysis for departure from linearity, however, did not approach statistical significance.
Histological verification showed the location of the electrodes to be in the vicinity of the lateral hypothalamus/medial forebrain bundle at the level of the posterior hypothalamus (see Figure 3) .
DISCUSSION
The present study demonstrated that scopolamine hydrobromide produces an increased resistance to extinction of ICSS behavior; these results support those of previous investigators (Hoffman & Trowill, 1979; Olds, 1970) . Since the peripheral anticholinergic scopolamine methylbromide did not produce Figure 3 . Location of electrodes from the six experimental animals illustrated on a diagram from Pellegrino, Pellegrino, and Cushman (1979) . the same effects as scopolamine hydrobromide, it can now be concluded that the mechanism is a central one. Increases in extinction responding in tasks involving natural rewards have been found after scopolamine administration in some (Hearst, 1959; Heise et aI., 1970; Herblin, 1968; McKim, 1970; Morley & Russin, 1978; Stone, 1964) , but not all (McKim, 1980; Morley & Russin, 1978) experimental situations. Olds (1970) found that fast ICSS responders (>94 responses/min) showed a decrease in barpressing following scopolamine administration. ICSS rates in the present study, however, were not affected by the drugs used. Inspection of individual data records revealed one very fast responder (> 100 responses/min) that decreased its response rate after scopolamine hydro bromide, but also showed a comparable decrement following scopolamine methylbromide administration. Although strain, dosage, and procedural differences all complicate the interpretation of this discrepancy, it is clear that convincing support for a central effect of scopolamine on ICSS rates has yet to be presented. In contrast, there is substantial evidence that elevation of central acetylcholine levels via inhibition of acetylcholinesterase by physostigmine produces a decrease in ICSS rates (Domino & Olds, 1968; Jung & Boyd, 1966; Newman, 1972; Stark & Boyd, 1963) . Similarly, the acetylcholinesterase inhibitor diisopropylfluorophosphate produces an increase in ICSS thresholds (Coons, Schupt, & Ungerleider, 1976) . Muscarinic receptor stimulation with pilocarpine decreases (Newman, 1972) , but nicotinic receptor stimulation with nicotine increases ICSS response rates (Newman, 1972; Pradhan & Bowling, 1971) . In view of these reliable effects of cholinergic receptor stimulation, the failure to observe effects of scopolamine on ICSS (Edwards, Wishik, & Sinnamon, 1979; Hoffman & Trowill, 1979 ; the present experiment) appears anomalous.
